The odorous steroid 5α-androst-16-en-3-one (AND) occurs in numerous biological fluids in mammals, including man, where it is believed to play a chemocommunicative role. As AND was recently detected in milk and amniotic fluid, sensitivity and hedonic responses to this substance were assessed in human neonates. To this aim, respiration and facial expressions were recorded in 3-day-old newborns in response to aqueous solutions of AND, ranging from 500 ng/mL to 0.5 fg/mL. Although analyses of respiratory rate did not lead to clear-cut results, the newborns changed their facial expressions at concentrations not detected by adults in a triangle test. Newborns displayed negative facial actions of longer duration to AND relative to an odorless control. Thus, AND may be considered to be offensive to newborns, which is a counterintuitive outcome as they are exposed to this compound in the womb (and it should therefore be familiar), in milk, and on the mother's skin surface (and it should therefore be conditioned as positive). Multiple reasons for this perceptual-behavioral paradox are discussed.
Introduction
The odorous steroid 5α-androst-16-en-3-one (AND) has become a focus of interest for behavioral biologists, biochemists, and perfumers since the time it was found to be a releasing stimulus in the mating behavior of the pig (Hafez and Signoret 1969; Melrose et al. 1971 ). This compound, along with 5α-androst-16-en-3-ol, was then construed as a pheromone in the pig, namely a chemosignal credited to result from evolutionary processes for the regulation of critical aspects of behavior and physiology between conspecifics. Extrapolative reasoning conceived then that AND could play homologous communicative functions in the reproductive behavior of other mammals, including man (Amoore 1977; Kirk-Smith and Booth 1980; Filsinger et al. 1985) . AND has accordingly been abundantly investigated in humans with respect to (i) its occurrence in various biological substrates, (ii) genetic and environmental determinants of olfactory sensitivity and hedonic response to it, and (iii) its perception and related brain responses (Pause et al. 1999; Wang et al. 2003; Boyle et al. 2005 Boyle et al. , 2007 Lundström et al. 2006) . Numerous studies also examined whether the odor of diluted pure AND could influence human interpersonal attitudes and behavior (Gower et al. 1988; Havlicek et al. 2010; Sergeant 2010) . AND has been detected in peripheral blood plasma, adipose tissue (Claus and Alsing 1976) , urine (Tienpont et al. 2002; Troccaz et al. 2013; Wagenstaller and Buettner 2013) , saliva (Bird and Gower 1983) , and semen (Kwan et al. 1992) . Its occurrence in fresh apocrine sweat is variable between studies. Although Labows et al. (1979) assumed AND to occur not at all or below 2 ng/mL, Gower et al. (1994) detected it in substantial amounts (concentration range: 27-545 µg/ mL). Labows' results are supported by a recent work suggesting AND to be bacterially derived from androstenol, which itself is liberated from β-glucuronides . AND can be extracted from cotton pads worn in the axilla during 1 or more hours (Gower 1972; Claus and Alsing 1976; Zeng et al. 1991) . Its relative importance in axillary odor, however, has been challenged in view of other highly odoriferous compounds identified as contributors to axillary odor (Zeng et al. 1991; Natsch et al. 2004; Hasegawa et al. 2004; James et al. 2013) . The concentration of AND has been revealed to be higher in men than in women for several of the investigated biological substrates (blood plasma and fat: Claus and Alsing 1976; saliva: Bird and Gower 1983 ; axillary cotton pads: Gower 1981, Gower et al. 1985) Recently, AND has further been detected in human milk and amniotic fluid (Buettner 2007; Hartmann et al. 2013 Hartmann et al. , 2014 , opening the possibility of exposure to this compound from the earliest stages of olfactory development.
Individual olfactory sensitivity to AND is influenced by environmental factors such as exposure ; but see Dalton et al. 2002) and by internal conditions related to developmental stage, physiological state (Renfro and Hoffmann 2013; Lübke and Pause 2014) , and seasonal rhythms (Boyle et al. 2006b ). It is worth noting that, depending on studies, 2-47% of the population have been reported to be anosmic to AND (Amoore 1977; Bremner et al. 2003; Boyle et al. 2006a ). The level of specific anosmia has repeatedly been found to be more elevated in adult males than females (Griffiths and Patterson 1970; Bekaert et al. 2011) . Sensitivity in AND smellers in turn varies to such an extent that 2 subgroups of osmic people have been defined-the sensitive and the highly sensitive (Labows and Wysocki 1984) . This variation in detection threshold has been reported to be genetically determined (Wysocki and Beauchamp 1984) , and Keller et al. (2007) were able to trace part of it back to single nucleotide polymorphism in the odorant receptor gene OR7D4. As regards development of sensitivity, Dorries et al. (1989) noted an increase of the AND odor detection threshold along puberty in males, whereas females' threshold tended to decrease across pubertal years. Further, the prevalence of anosmia appeared to increase with age. These same authors concluded from their tests on 6-9 year olds that "nearly all young children are sensitive to androstenone" (p. 434; although corresponding threshold data were not detailed). To date, the state of sensitivity to AND odor has never been evaluated at the very beginning of development.
With regard to hedonic appreciation, it is known that more sensitive individuals generally rate the odor of AND more negatively than less sensitive individuals (Griffiths and Patterson 1970; Dorries et al. 1989; Keller et al. 2007 ).
Women tend to judge the odor more negatively than men (Griffiths and Patterson 1970; Dorries et al. 1989; Wysocki and Gilbert 1989) , but less so around ovulation compared with other menstrual cycle phases (Hummel et al. 1991 ; but see Renfro and Hoffmann 2013) . Compared with adults, a higher proportion of 3-year-old children labeled the odor of AND as unpleasant, leading to hypothesize lower prevalence of specific anosmia to AND amongst children (Schmidt and Beauchamp 1988) . Similarly, Dorries et al. (1989) found 6-9-year-old children to rate the odor of AND as rather unpleasant. Thus, hedonically negative responsiveness to AND may be a proxy to AND sensitivity in preverbal subjects, specifically in newborns who have not been considered so far for their hedonic reactivity toward AND odor.
As mentioned previously, AND has recently been detected in human amniotic fluid and milk (Hartmann et al. 2013 (Hartmann et al. , 2014 . Similarly to other newborn mammals, human fetuses/neonates experience a perinatal chemosensory continuity favoring postnatal adaptive responses based on prenatal experience (Schaal 2005 (Schaal , 2014 . Hence, one may wonder about a possible role of AND in the presumed chemosensory overlap between amniotic fluid and milk. Other compounds were detected in prenatal and postnatal fluids, but only AND was chosen here in view of the above-mentioned psychophysical and developmental aspects, and because it can, at least with the current knowledge, be thought of being specific to human milk (compared with bovine milk and formulas derived from it). As a first step in assessing the sensory role of AND in perinatal fluids, we verified whether newborns detect it in aerial conditions. In view of the above set of results, we hypothesized newborns to be more sensitive to the odor of AND than adults. This study was, however, not designed to investigate variations in individual odor detection thresholds or frequency of anosmics/hyposmics in infant relative to adult samples. The second goal was to elucidate the hedonic response of newborns to the odor of pure AND. The rare studies in older infants and children mentioned previously would predict a neonatal tendency to react rather negatively to its odor. Alternatively, in view of the occurrence of AND in amniotic fluid and milk, newborns may be familiarized to it through prenatal and/or postnatal exposure in highly reinforcing conditions. As newborns treat familiar odors as generally pleasant (or less unpleasant than unfamiliar odors; reviewed in Schaal 1988 Schaal , 2014 , we cannot exclude that AND may elicit neonatal responses interpretable in terms of positive hedonic perception. To assess newborns' sensitivity and hedonic response, we measured respiratory and behavioral responses of 3-day-old newborns to a range of concentrations of AND, including those to which they are exposed ecologically.
experimentation. The study complies with the Declaration of Helsinki for medical research involving human subjects. The parents were informed about research aims and methods prior to the entry of their infant into the study. They all gave written consent to let their infant participate and were physically present during the experiment.
In total, 81 newborns (mean age ± standard deviation [SD]: 71.3 ± 9.9 h, range: 50.0-95.0 h; 39 females, 42 males; 78 Caucasian, 2 African, 1 Asian) participated in the experiments. All infants were in optimal health at birth (Apgar score: >8 at 1 min and 10 at 5 and 10 min; mean birth weight ± SD: 3350 ± 380 g, range: 2700-4695 g) and at the moment of olfactory testing. Their mothers had all experienced uneventful pregnancies and deliveries (average gestation duration: 40 ± 1 weeks). At the time of testing, 48 neonates were exclusively breast-fed and 33 were fed only cow-based formula milk.
To avoid overwhelming highly fatigable newborns with a cascade of sensory testing, 3 different samples of infants were studied (n = 29, 27, and 25; see Table 1 ). These 3 groups were equivalent in terms of sex ratio and feeding mode (χ 2 test: P > 0.36 in all cases), as well as in terms of age at the moment of the test [analysis of variance; F(2,78) = 0.1; P = 0.9].
Odor stimuli
For each group of newborns, the stimuli consisted in a varying set of 3 or 4 AND concentrations along with the same 3 reference stimuli. The first group was administered AND concentrations known to be about the adult threshold (see Results section; "high concentrations": 500, 50, 5, and 0.5 ng/ mL). The second group was exposed to a lower range of AND concentrations, in line with the amounts detected in human milk and amniotic fluid (90 pg/g and 36 pg/mL, respectively, as reported by Hartmann et al. (2013 Hartmann et al. ( , 2014 ; "intermediate concentrations": 500, 50, 5, and 0.5 pg/mL). As these newborns appeared to detect even the lowest concentration of AND in this second series, we presented the third group with even lower concentrations to attain neonatal threshold level ("low concentrations": 50, 5, and 0.5 fg/mL).
Distilled water was used as an odorless reference. To assess the specificity of the newborns' response to the target odorant AND, we included reference odorants with hedonic values that were inferred from previous neonatal studies (Soussignan et al. 1997; Bingham et al. 2003; Marlier and Schaal 2005) , that is vanillin (0.01% in distilled water) and familiar milk (for breast-fed infants: own mother's milk taken a few minutes before the test; for bottle-fed infants: the formula milk consumed since birth [brands: Gallia, Nidal, Modilac, Guigoz]). AND and vanillin (purity >98% in both cases) were purchased from Sigma-Aldrich. The olfactory purity of AND was checked by gas chromatography-olfactometry prior to behavioral testing. Besides AND, a second odorant with a similar odor quality was detected, but with clearly lower perceived intensity. Therefore, we decided to proceed without further purification. A stock solution of AND (560 µg/mL) was prepared in dichloromethane. The aqueous dilutions of AND were prepared by adding 80 µL of the stock solution to 100 mL of distilled water. This solution was stepwise diluted in distilled water to prepare lower AND concentrations.
Procedure and behavioral state of the newborns
As previous studies found that newborns display higher behavioral reactivity to odors during irregular than during regular sleep (Soussignan et al. 1997) , the stimuli were presented here during irregular sleep. The infants' states were determined according to Prechtl's (1974) classification based on both behavioral and psychophysiological (respiration) criteria.
For testing, the newborns were sat in a quiet room in a semireclining chair surrounded by a construction of screens that equilibrated light on each side. Light was set at a dim level and the room temperature was between 23 and 27 °C. The testing was realized by 2 experimenters. Experimenter 1 prepared the stimuli in random order by pipetting 10 µL of the respective solution on the tip of a 20-cm long glass rod. Experimenter 2, blind to the nature of the stimuli, stood behind the infant and administered the stimuli at 1 cm under the nostrils. Following online psychophysiological responses and the infant's behavior through a TV monitor, Experimenter 1 silently paced onset/offset of stimulus administration. Stimulus onset followed a period in which the infant had breathed regularly without facial expression. Stimulus offset was 10 s after the onset, and interstimuli intervals were at least 50 s. Both experimenters did not consume or wear any odorous or flavor-rich compounds 1 h before and during the testing periods.
Autonomic responses
Breathing was recorded using an 8-channel MacLab datarecording system (ADInstruments Ltd) by means of a pneumobelt (model 1132, Pneumotrace, UFI Instruments). Changes in respiratory activity were previously used as index of odor detection in sleeping newborns (Engen et al. 1963; Soussignan et al. 1997) . The respiratory rate (in beats per minute) was measured online using the Chart software (version 3.5.2). The dependent variable was computed offline by subtracting the mean of data during the 5-s prestimulus block (baseline condition) from the mean of data during the subsequent 5-s blocks of the stimulus period (2 × 5 s) and the poststimulus period (2 × 5 s).
Behavioral responses
The facial expressions of the newborns were recorded by a silent digital video camera (DCR-TRV22E, Sony Corporation). Oro-facio-cephalic responses interpreted as positive in the newborn's repertoire were conservatively coded as exclusive items (cephalic actions that occurred with mouthing or facial expressions were not coded) using the Observer software (Version 8, Noldus). The following mouthing actions were taken into account: rooting, munching, tongue or lips protrusions, licking, and sucking (see definitions in Doucet et al. 2007 ). Cephalic orientation was defined as any head movements toward the stimulus. Further, smiling (action unit [AU] 12) was included in the group of actions reflecting positive emotions.
Oro-facio-cephalic responses interpreted as conveying negative emotions were also conservatively coded into 4 different exclusive clusters of items (items of a cluster that occurred concurrently with items of another cluster were not coded). The first cluster was composed of the following actions: lowered, oblique, or raised and drawn together brow movements (AUs 1, 4, 1 + 4, 1 + 2 + 4 of the "infant version" of Ekman and Friesen's Facial Action Coding System [Oster and Ekman 1978] ; see also Steiner [1974 Steiner [ , 1979 following an alternative coding method). Nose wrinkling and upper lip raising associated or not with cheek raising and lids tightening (AUs 9, 10, 9 + 10, 9 + 10 + 6/7) formed the second cluster. The third cluster was composed of 8 AUs: nasolabial furrow deepening (AU 11), lip-corner tightening (AU 14), lip-corner depressing (AU 15), lower lip depressing (AU 16), chin raising (AU 17), laterally lip stretching (AU 20), and lips tightening and pressing (AUs 23, 24). Finally, head movements away from the stimulus were the last cluster.
The selected items were viewed in slow motion and frameby-frame to determine their onset and offset times with a precision of ±1 video frame (± 0.04 s). For each stimulus, the change of relative duration of positive/negative responses was computed by subtracting the value during the 10-s prestimulus block (baseline condition) from the value during the subsequent 10-s block of the stimulus and the poststimulus period, respectively, and subsequent division by the exact duration of presentation. Interobserver reliability was assessed between the main coder (not blind to the olfactory stimuli) and a second coder who independently scored 42 randomly selected video clips. The second coder was blind to the hypotheses/aims of the study and to the nature of olfactory stimuli. The Spearman correlation coefficients computed among the 2 coders on the duration of positive and negative oro-cephalic actions were 0.92 and 0.73, respectively.
Olfactory testing with adults
Twenty adults (25 ± 4 years; 10 females) were tested in a quiet room. Triangle tests were carried out with 10 solutions of AND (0.5 fg/mL to 500 ng/mL), which were presented in ascending order on 20-cm long glass rods. Distilled water was the control stimulus. The participants were instructed to indicate the stimulus, which differed from both others. The choice of the AND glass rod was noted "1" and the choice of a water glass rod was noted "0."
Statistical analyses
The time elapsing between the last feed and the test was heterogeneous among the different groups of newborns [F(2, 78) = 3.3; P < 0.05]. In addition, preliminary analyses showed that the respiratory rate and oro-facio-cephalic responses to certain odor stimuli were significantly correlated with the time elapsed between the last feed and the beginning of the test, in line with results of previous investigations (Soussignan et al. 1999) . Accordingly, this lapse of time was entered as a covariate using olfactory stimuli × test periods × mode of feeding × sex analyses of covariance (ANCOVA), with the mode of feeding (breast vs. bottle) and sex (female vs. male) as between-subjects factors and odor stimulus (AND dilutions + reference stimuli) and test periods (stimulus vs. poststimulus) as within-subjects factors. Although our facial data did not follow a normal distribution, the ANCOVA is robust to violation of the normality assumption, providing that compared data sets show homogeneity of variance (Howell 1992 ). Thus, we followed Howell's recommendation to apply ANCOVAs after verifying homogeneity of variances using Levene's tests. Separate ANCOVAs were computed for the 3 groups of infants. Fisher's least significant difference (LSD) test was used for post-hoc multiple comparisons between means. The rate of correct choice in the triangle test with adults was assessed using χ 2 tests.
Results

Respiratory rate
For high and low AND concentrations groups, the ANCOVA yielded no significant main or interaction effects. respectively; P < 0.05 in both cases]. In this intermediate concentrations group, breast-fed, but not bottle-fed, infants had a more important decrease in average respiratory rate during the second and fourth 5-s period after stimulus onset than during the first 5-s period after stimulus onset (LSD; P < 0.01 in both cases). The decrease in respiratory rate during the third 5-s interval was less important than during the following 5-s interval (LSD; P < 0.01). However, no consistent stimulus-dependent change in respiratory rate could be recorded in any of the 3 groups of newborns.
Positive oro-facio-cephalic actions
For the high AND concentrations group, the ANCOVA indicated a significant main effect of the odor [F(6,144) = 4.8; P < 0.05]. Water elicited a higher increase in the duration of oro-facio-cephalic movements relative to AND 500, 5, and 0.5 ng/L, and vanillin (LSD; P < 0.05, 0.01, 0.05, and 0.01, respectively; Figure 1A -C; see Supplementary Figure S1 for box-whisker plots). Familiar milk also elicited a higher increase in the duration of oro-facio-cephalic movements relative to AND 500 and 5 ng/L, and vanillin (LSD; P < 0.05, 0.01, and 0.01, respectively). Finally, AND 50 ng/L elicited a higher increase in oro-facio-cephalic movements than AND 5 ng/L and vanillin (LSD; P < 0.05 and 0.01, respectively). The main effect of the odor factor was also significant in the group administered intermediate concentrations [F(6,132) = 3.2; P < 0.05]. Vanillin and AND 5 and 0.5 pg/ mL elicited shorter durations of positive oro-facio-cephalic responses relative to water (LSD; P < 0.05 in all cases). The duration of these responses to AND 5 pg/mL was shorter than to familiar milk (LSD; P < 0.05).
Finally, for the low AND concentrations group, the ANCOVA yielded significant sex by feeding mode, period by sex, and period by feeding mode interaction effects [F(1,20) = 4.7, 5.8, and 6.5, respectively; P < 0.05 in all cases]. Thus, bottle-fed male infants evinced longer oro-faciocephalic movements than breast-fed males (LSD; P < 0.01); male newborns showed longer oro-facio-cephalic movements during than after stimulus presentation (LSD; P < 0.05); and after the end of the stimulus presentation period, bottle-fed newborns prolonged their oro-facio-cephalic movements more than breast-fed newborns (LSD; P < 0.01).
In sum, several of the AND solutions in the range from 500 ng/mL down to 0.5 pg/mL elicited a lower increase of positive oro-facio-cephalic actions than water and familiar milk. Vanillin elicited shorter durations of these actions than water and familiar milk in 2 and 1 of the 3 groups of newborns, respectively.
Negative oro-facio-cephalic actions
For the high AND concentrations group, a main effect of the odor, as well as an odor by sex interaction effect reached significance [F(6,144) = 4.2 and 4.6, respectively; P < 0.01; Figure 1D -F; see Supplementary Figure S1 for box-whisker plots]. AND 50 ng/mL elicited the longest negative facial expressions (LSD; P < 0.05 for comparisons with vanillin, familiar milk, AND 500 and 0.5 ng/mL; P < 0.01 for comparison with water). Furthermore, these newborns showed Figure 1 Behavioral responses of human newborns to AND. Mean change (±standard error of the mean) of the relative duration of positive (A-C) and negative (D-F) oro-facio-cephalic movements in response to the stimuli in 3 groups of newborns. Only significant differences in comparison with water are shown (LSD; **P < 0.01; *P < 0.05). For significant differences to other stimuli, see the Results section. W, water; fM, familiar milk; van, vanillin; n500/50/5/0.5, concentrations of AND at 500/50/5/0.5 ng/mL; p500/50/5/0.5, concentrations of AND at 500/50/5/0.5 pg/mL; f50/5/0.5, concentrations of AND at 50/5/0.5 fg/mL.
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When these infants were segregated by sex (see Figure 2) , both intra-and inter-sex differences were found. Because of these many sex differences, we performed a Bonferroni correction for multiple comparisons, which revealed that female newborns showed longer negative expressions to AND 50 ng/mL than to AND 0.5 ng/mL (Bonferroni; P < 0.01). Further, compared with male newborns, female infants showed shorter negative expressions in response to AND 0.5 ng/mL (Bonferroni; P < 0.05).
For intermediate and low AND concentrations groups, no main and interaction effects reached significance, except a period by sex interaction for the group administered low concentrations [F(1,20) = 14.7; P < 0.01]. This interaction reflected an overall tendency of female newborns to show across all stimuli longer negative expressions after than during the presentation period (LSD; P < 0.01). In the same line, female newborns evinced more prolonged negative expressions than male newborns after the presentation period of the stimuli (LSD; P < 0.05).
In sum, a relative increase of negative oro-facio-cephalic actions was noted especially for some of the higher AND concentrations. Further, the responsiveness appeared sexdependent for the high AND concentrations group.
Adults' sensitivity
On average, adults were not able to discriminate AND from water with a higher than chance level at AND concentrations below 500 ng/mL ( Figure 3 ; χ 2 ; P > 0.10). However, women chose the 50 ng/mL solution with a level higher than chance (χ 2 ; P < 0.05), in contrast to men (χ 2 ; P > 0.10). In sum, when using the same stimulus presentation technique with adults as with newborns, an AND concentration of 50 ng/mL was necessary for detection by adult women, whereas 500 ng/mL were required for detection by adult men.
Discussion
Respiratory and behavioral responses of 3-day-old termborn infants were investigated by birhinal presentation of the AND dilution series. Overall, the study found neonatal detection of AND odor at high levels of dilution and behavioral responses indicating negative hedonic value.
Sensitivity to AND
In the present experimental conditions, the respiratory rate did not lead to discriminate infants' responsiveness between odorous stimuli and the control. This discrepancy with previous studies using respiratory variables in newborns (Engen et al. 1963; Soussignan et al. 1997 ) may be due to differences in the infants' behavioral state, and conditions of respiratory recording and analysis.
The behavioral analyses, however, led to conclude that newborns can detect the odor of AND. Considering positive oro-cephalic movements and/or negative facial expressions, the newborns' behavioral responses to AND differed from water in the concentration range from 500 ng/mL down to 0.5 pg/mL. Thus, newborns detect AND odor administered orthonasally. Knowing that the tested AND concentrations were determined to cover the average concentrations found in human milk and amniotic fluid (Hartmann et al. 2014) , we assume that newborns should be able to sense the AND component in these fluids.
In addition to the control stimulus, the stimulus set included 2 reference odorants, vanillin and familiar milk, known to be perceived by newborns (Soussignan et al. 1997 ). Vanillin elicited a response different from the one to water in 2 of the 3 groups of newborns. No discriminative behavioral response was noted here for the familiar milk against water, although neonates have generally been reported to discriminate these 2 stimuli when they were paired Marlier et al. 1998) . With studies using consecutive testing as here (Soussignan et al. 1997; Bingham et al. 2003; Mizuno et al. 2004; Doucet et al. 2009 ), however, conflicting evidence occurs. Future studies should clarify the point of neonatal nasochemosensory sensing of water. Because milk was not olfactorily detected against water in this study, we cannot tell if the newborns did not detect AND in femtogram/milliliter-wise concentrations or if they did detect them but did not respond in a specific manner.
In any case, an AND concentration of 0.5 pg/mL was sufficient to elicit a response significantly different from that caused by water, indicating that newborns detected AND at this concentration. An AND concentration of 500 ng/mL was required for AND detection in average adults and 50 ng/ mL in women. This was, however, determined in a detection task different from the one used with neonates. Although we can, therefore, not firmly conclude that the newborns' detection threshold is below that of adults, our results suggest that newborns may detect the odor of aqueous solutions of AND at concentrations present in human milk and not consciously perceived by adults. In this study, AND induced longer negative facial expressions and/or shorter positive oro-cephalic movements in newborns suggesting that it was negatively valenced to them. This finding is in line with studies reporting negative judgments of AND in 3-to 8-year-old children (Schmidt and Beauchamp 1988; Dorries et al. 1989 ) and in adults (e.g., Keller et al. 2012) . It is worth noting that longer negative facial expressions occurred in response to AND 50 and 5 ng/ mL, but not to the highest AND concentration (500 ng/mL). We have no clear explanation for this observation. It may be possible that with higher AND concentration different sets of olfactory receptors are engaged into transduction, leading to modified sensory images and, hence, to altered responsiveness.
In contrast to AND, neither vanillin nor familiar milk were discriminated from water in terms of negative facial expressions. Regarding positive oro-cephalic responses, familiar milk appeared not discriminated from water, and vanillin increased their duration to a lesser extent than water. It might appear curious that vanillin led to a reduction of appetitive oro-cephalic movements as it occurs in amniotic fluid and milk (Buettner 2007; Hartmann et al. 2014) , is devoid of a trigeminal effect (Doty et al. 1978; Frasnelli et al. 2011) , and is generally perceived as pleasant by older infants, children, and adults (Soussignan et al. 1997) . However, previous studies already reported that the direction of neonatal responses to vanillin is not always clear-cut in hedonic terms (Steiner 1979; Soussignan et al. 1997; Doucet et al. 2009 ).
Nevertheless, both vanillin and the familiar milk led to a less important increase in the duration of negative expressions than AND 50 ng/mL. Familiar milk, but not vanillin, also led to a higher increase of positive oro-cephalic movements than some AND concentrations (500 and 5 ng/mL, 5 pg/mL). Thus, AND appears to be discriminated from familiar milk, but the difference to vanillin is less obvious. Indeed, the newborns' response to AND appears "specific" only at higher concentrations (50 and 5 ng/mL), which elicit longer negative facial expressions.
In sum, our results suggest that AND is perceived as unpleasant by 3-day-old newborns, as shown by a relative increase of negative facial expressions and/or decrease of positive oro-cephalic movements.
Negative response of neonates to AND: possible causes for olfactory aversion
There is ample evidence in animal and human literature that neonates or young organisms are attracted, or less averted, by volatile compounds previously met in the fetal and postnatal environments. For example, infants born to women who ingested garlic, anise, or carrot flavor in late pregnancy manifest positive responses to these flavors presented in pure form (Hepper 1995; Schaal et al. 2000; Mennella et al. 2001 ). As AND occurs in both amniotic fluid and milk, we logically hypothesized that pure AND presented at ecological concentrations would likewise be attractive for human newborns. Instead, the above findings concur to show that the odor of AND is aversive for newborns.
How could this apparently odd finding be explained? First, physico-chemical properties of AND such as trigeminal activity or intrinsic aversive value could account for the observed negative response in neonates (Rieser et al. 1976; Soussignan et al. 1997; Boyle et al. 2006a; Khan et al. 2007) . Second, pure AND may be treated as a novel odor by neonates, and hence as a negative stimulus. Olfaction is designed to operate on a synthetic, configural mode (Engen 1982; Jinks and Laing 2001; Köster 2002; Stevenson 2012 ), a notion that may be even truer in newborns who are considered to be configurational processers in other sensory modalities (Kellmann and Arterberry 1998; Slater and Kirby 1998) . Accordingly, in the present experiments, newborns may have perceived pure AND odor as qualitatively different from the odors carried in the original mixtures, leading to suggest one of the reasons why pure AND may have been received as a novel, and hence negative, odor. In this line, a future study should consider presenting mixtures tainted with different amounts of AND instead of aqueous solutions of the pure odorant. In sum, several arguments may explain why human newborns react negatively to AND odor despite it is delivered at ecological conditions of concentration. The odor of pure AND could indeed carry one or several perceptual properties known to induce hedonically negative responses in newborns, such as novelty, irritative potency, and/or intrinsic olfactory unpleasantness.
Neonates' paradoxical avoidance of a natural odorant from the perinatal environment
The negative response of newborns to the odor of pure AND raises at least 2 paradoxes. The first relates to the fact that amniotic fluid and milk odors, which among other compounds contain AND, are attractive to neonates (amniotic fluid: Schaal et al. 1995 Schaal et al. , 1998 Varendi et al. 1997; Contreras et al. 2013; Faas et al. 2013; milk: Bingham et al. 2003; Schaal 1997, 2005; Marlier et al. 1998; Mizuno et al. 2004; Russell 1976; Soussignan et al. 1997) , whereas the AND component on its own is not attractive. The second paradox pertains to the newborns' vital necessity to orient to mother's body areas from where AND is naturally emitted, namely breasts (milk), axillae, and mouth (saliva).
Regarding the first counterintuitive issue, analogous phenomena were reported with mixtures conveying very attractive odors despite they contain components which on their own smell unpleasant. An example is jasmine, which has an overall enjoyable floral scent that is composed of 2-11% of very unpleasant smelling indole (Mookherjee et al. 1990) . Adding indole to a pleasant smelling synthetic jasmine scent, Grabenhorst et al. (2007 Grabenhorst et al. ( , 2011 showed that the mixture's odor is either unchanged or enhanced in pleasantness. The first paradox here may thus be resolved in that aversive compounds (such as AND) may not be detrimental to the attractiveness of mixtures (such as amniotic fluid and milk) in which they occur in weak concentration.
The second paradox mentioned previously implies that AND per se cannot endorse the role, hypothesized in the Introduction, of a prenatally acquired odor cue that would promote adaptive attraction and appetence responses in neonates. However, AND sensory contribution may be embedded in the intricate molecular interactions going on in the perceptual processing of the amniotic and milk mixtures. Grabenhorst et al. (2007 Grabenhorst et al. ( , 2011 have risen an interesting "contrast effect" when positively and negatively valenced components are mixed in 1 odor. They suggest that "the affective potency of stimuli with mixed pleasant and unpleasant components is related at least in part to the recruitment of mechanisms in the brain involved in attentional capture and enhancement" (2011, p. 832) . A new potential function of AND in human olfaction might thus be to kindle attentional brain processes and increase conspicuousness of associated odor signatures carried in amniotic fluid, milk, or axillary sweat. This would be an additional ground to repeat this study, delivering AND within the context of other odor compounds.
Conclusions
Based on behavioral indices, we tentatively conclude that newborns perceive AND at concentration levels that adults do not detect consciously. Longer durations of negative facial expressions and/or shorter durations of positive oro-cephalic movements elicited by pure AND indicate that it is a stimulus of negative valence for 3-day-old newborns. Thereby, it is shown that the mere presence of a compound in utero or in the postnatal environment does not necessarily result in a positive response to it by newborns. This study raises numerous issues of interest to further our understanding of the perception of AND (and of other androstenes) during human development. Which factors influence their concentration and olfactory disponibility in amniotic fluid and milk? Do neonatal responses to AND correlate with its concentration in amniotic fluid, milk, or maternal axillary sweat? Finally, is neonatal AND aversion reversible through associative learning during nurturing interactions?
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